We analyse the impact of failing to control invasive alien plants (IAPs) on the water supply to the Berg River and De Hoop Dams, in other words, the opportunity cost of not clearing IAPs in these two catchments. To do this we used models to assess and compare the impact of current and future invasions on in ows into the dams. Although the clearing of current invasions would only provide a modest increase in the amount of water compared to, for example, the construction of another dam, failure to clear the invasion will have a negative impact on water security in the long term. We estimated that the Berg River Dam could lose up to 51% of its mean annual in ows to IAPs over a 45-year period, and the De Hoop Dam catchment could lose up to 44%. ese impacts would continue to increase over time, and the costs of control could become very high as the plants invade rugged terrain. Major infrastructural development requires Ministerial approval, supported by advice from senior o cials. We suggest that such advice should substantively take su cient account of the bene ts of clearing existing invasions, or at least of preventing further invasions. Our results suggest that serious consequences arise from insu cient investment in catchment management. An integrated approach to the management of the supply of and demand for water, that ensures long-term sustainability, is essential in informed decision-making and the early control of IAPs is a key component of that approach.
INTRODUCTION
Invasive alien plants (IAPs) are plants that have been introduced into an area in which they did not previously occur. In many instances they have been able to outcompete and displace indigenous plants because of the lack of pests, specialist herbivores and pathogens (IUCN, 2000) . Some of these IAPs alter the quantity, quality and timing of water ows by using more water than the plants they displace (Le Maitre et al., 2015; Cullis et al., 2007) . It therefore goes without saying that the impact of IAPs on water availability, especially in arid countries such as South Africa, is an important consideration for the management of catchments for water security, and more so in those with water supply infrastructure. Minimising the impacts of IAPs by e ective management can contribute to sustaining low ows in rivers, dam yields and protects the longevity of the water infrastructure (Le Maitre and Görgens, 2003; Le Maitre et al., 2002; Van Wilgen et al., 1997) . If no control is done, the costs of not clearing IAPs can become extremely high and can escalate at an exponential rate (Marais and Wannenburgh, 2008; Le Maitre et al., 2002) . Additionally, riparian invasions typically use much more water than non-riparian invasions (of the same species) because they maintain higher rates of evapotranspiration, as does Black Wattle (Acacia mearnsii) (Le Maitre et al., 2015; Everson et al., 2014; Van Wilgen and Richardson, 2014; Dzikiti et al., 2013a; Dye and Jarmain, 2004) . e e ect of IAPs on evapo-transpiration and runo has been the subject of much research, originally being based on studies of the hydrological impacts of plantations on pines and eucalypts (Görgens and Van Wilgen, 2004; Le Maitre et al., 1996; Le Maitre et al., 2002) but subsequently extended to wattles (in a plantation), poplars and Prosopis species (see Le Maitre et al., 2015; Dzikiti et al., 2016; Dzikiti et al., 2013a; Dzikiti et al., 2013b; Milton and Dean, 2010; Le Maitre et al., 2009; Everson, et al., 2007) . e original ow reduction models were based on volume reductions (e.g. Le Maitre et al., 2002) but have been replaced with more hydrologically sound proportional ow reduction models, based on those developed from plantation studies (Scott and Smith, 1997) , and adapted for riparian settings (Dzvukamanja et al., 2005; Le Maitre et al., 2016; . e ndings of this research are consistent with those of studies worldwide which show that changes in vegetation characteristics result in changes in evaporation and consequently in river ows, especially the introduction of tall, woody, plant species like trees, whether or not those species are indigenous (Le Maitre et al., 2015; Doody et al., 2011; Zhang et al., 2001) .
Although these studies provide strong evidence that many IAP species reduce runo , modelling these e ects is a more complicated matter. Variation in IAP species, speciesspeci c e ects on runo , rates of spread and of densi cation, vulnerability to wild res, and terrain (such as aspect, slope, availability of water, and soil type) all increase the complexity of the modelling. Despite this, the current national estimates of the e ects of IAPs on runo and yield are that IAPs are currently using approximately 3% of mean annual runo (MAR) and possibly as much as 5% Le Maitre et al., 2013 (Le Maitre, 2004) resulting in a greater reduction of base ows than MAR (Scott and Smith, 1997; Scott and Lesch, 1997) , especially for riparian invasions (Everson et al., 2014) . e low ows are particularly important for water security, especially in the context of users dependent on runof-river utilisation and droughts (Van Wilgen and Richardson, 2014; Dye and Jarmain, 2004; Görgens and Van Wilgen, 2004) .
Given the potential magnitude and severity of the impacts of IAPs, this paper analyses the costs and bene ts related to IAP management as a component of water conservation and the enhancement of existing supplies of water. We focus on the catchments of two dams built a er the National Water Act (RSA, 1998) came into force, namely, the catchments of the Berg River Dam in the Western Cape and the De Hoop Dam in Limpopo Province. We assess whether IAP management can enhance long-term water security through widening the combination of demand and supply options and, conversely, assess what is the opportunity cost of not controlling IAPs in the case of these two dam catchments. We do so by modelling the impact of IAPs in the study sites as if no IAP management has occurred over a 45-year period (this being the average planned lifespan of dams built in South Africa).
Study sites
Two study sites were selected that represent di erences in geographic location, climate, catchment size, as well as types and levels of IAPs present, and where dams had been built in the past 25 years (to ensure data availability). ese were the Berg River Dam catchment and the De Hoop Dam catchment.
Berg River Dam catchment
e Berg River Dam is found on the Berg River near Franschhoek, in the Western Cape (Fig. 1) , and is part of a scheme that provides water to Cape Town. It is situated in the middle of a single quaternary catchment, G10A, which covers about 17 185 ha. G10A is mountainous and largely covered by a mix of low fynbos and shrubland, as well as cultivated land and Pinus spp. plantations. e mean annual rainfall in the catchment is about 1 610 mm/yr (Middleton and Bailey, 2008) and a large proportion of the catchment consists of high mountains that receive in excess of 2 000-2 500 mm/ yr (Schulze et al., 2008) . Although the dam is not situated at the out ow from the catchment, the design includes a weir downstream, from which water can be pumped back to the dam (Matthews, 2006) , so that the impacts of invasions below the dam will also a ect yields. e portion of G10A that was covered by Pinus plantations has been cleared as a condition of building the Berg River Dam. About 13 570 ha have natural or semi-natural land cover based on the National Land Cover 2000 ( Van den Berg et al., 2008) and are considered to be invadable (Kotzé et al., 2010 Van den Berg et al. (2008) 
where: a is the area and c is the percentage of cover in the area. It is estimated that about 1 175 ha (9% of the invadable area) in the Berg River Dam catchment are invaded by IAPs, predominantly Pinus species (Fig. 3) (Kotzé et al., 2010) .
is is the equivalent of about 370 condensed ha of IAPs. More detailed mapping shows that the dominant invaders over most of the Berg River Dam's catchment are pines with some invasions by Acacia longifolia, Acacia mearnsii and a number of other species Fill et al., 2017) . However, pines are still widespread and dominant in the catchment above the dam wall and were, therefore, the focus of this assessment. 
METHODS

Modelling invasions over time
In each catchment, the current invasion levels are based on data from the National Invasive Alien Plant Survey (NIAPS), which was undertaken in (Kotzé et al., 2010 . A key limitation of the NIAPS study is that it was designed for use at a tertiary catchment level and not at the more detailed quaternary level (Kotzé et al., 2010) , while the focus of this paper is on invasions at the quaternary level. However, there are no better data available on which to base this comparative study. e NIAPS also excluded all areas with a transformed land cover (for example, cultivated land, urban areas and commercial forest plantations), as these were assumed to be unlikely to become densely invaded (Kotzé et al., 2010) . is is a pragmatic assumption -it is well known that such areas can indeed be invaded. In addition, many of these invasions were present in 2000 and could have been mistaken for plantations in the National Land Cover study. e results of the mapping of the IAPs in the dam catchments were given as condensed hectares as calculated from the total invaded area and canopy cover (percent). e density of the invasion can range from one individual per hectare to many thousands of individuals of one or more di erent species per hectare. As such, the total invaded area is not a useful measure of the long-term full invasion of the area. In order to simplify the calculations of invaded areas for modelling purposes, the invaded area is expressed as condensed hectares, the mathematically equivalent hectares with the density re-scaled to 100% canopy cover (see Eq. 1). Using condensed hectares facilitates comparisons by standardising the di erent densities of invasions in a given area.
e NIAPS data give no indication of vegetation age. Fires in fynbos occur at 12-15 year intervals between res but some pines survive res, especially in the rugged terrain typical of the Berg River Dam catchment, resulting in a mixed age (2016) and one based on a mean age of 10 years (Scott and Smith, 1997), which is close to the mean age of 7.5 years which would apply if all pines are killed by res and the mean re return period is 15 years. We believe that our approach is conservative because aerial photographs from the mid-2000s show that pine invasions were actually far more extensive and denser than estimated by the NIAPS. In the De Hoop catchment the grassland res are roughly annual but eucalypts survive most res so we also assumed a mixed age distribution dominated by mature trees.
Modelling of the spread of invasive plants needs to account for two simultaneous processes: (i) an increase in the density within the already invaded area (densi cation), and (ii) spread from the invaded area to new areas. is study assumed certain IAP annual rates of spread based on existing data (Van Wilgen and Le Maitre, 2013) . In reality, the situation is more complex. In the fynbos the main invaders, especially pines, invade nonriparian and riparian areas, but in the grasslands the riparian areas are more susceptible to invasions than non-riparian areas owing to frequent res which limit recruitment in grasslands (Van Wilgen et al., 2008; Richardson et al., 2007; Decamps et al., 1995) . Furthermore, the rate of spread will vary and will be limited, in speci c areas, by space and growth requirements of speci c species (Kotzé, 2014) , and factors such as vulnerability to re, or disturbance from over-grazing or drought (Van Wilgen, 2009; Le Maitre et al., 2000; Le Maitre et al., 1996) . When estimating rates of spread, it is important to distinguish between upland and riparian spread because the additional amount of water lost through invasions in riparian areas is estimated to be 2 to 3 times as high as the same species in nonriparian areas (Le Maitre et al., 2015; Everson et al., 2007; Dye and Jarmain, 2004; Görgens and Van Wilgen, 2004) .
e estimates require projections of the current level of invasions, beginning with the NIAPS survey estimates (Kotzé et al., 2010) of the initial densities and extent. Although these estimates involve some errors and uncertainty which will increase as they are projected into the future, they will not result in a systematic bias. e extent of invasion in each catchment in 2008 was taken as a starting point for projecting the rate of spread and the rate of densi cation into the future.
ese were projected for 15, 30 and 45 years into the future (45 years being the accepted lifespan of a dam for planning purposes), assuming that no IAP control operations are carried out, to show the potential levels of invasion. In the Berg River Dam catchment, the National Land Cover Dataset shows that that 13 570 ha (79.0%) of the 17 185 total ha in the catchment were untransformed (natural or semi-natural) (Kotzé et al., 2010) . Of the untransformed hectares, 1 175 ha (or 8.7%) were invaded to some degree. us, a further 12 395 ha could still be invaded. At a calculated density of 31.5%, the 1 175 ha that were already invaded translates to 370 condensed ha. In the De Hoop catchment about 233 875 ha is natural vegetation of which about 173 638 ha had already been invaded, leaving 60 237 ha that could still be invaded. e mean canopy cover was about 9.95%, giving 17 295 condensed ha of invasions.
For both the Berg River Dam and De Hoop Dam catchments, three rates of spread were used in the modelling of invasions over time. We used 5%, 10% and 15% because they span the likely range, rather than preferring a single rate of spread. e rate of densi cation in the Berg River Dam catchment has been modelled to increase by 1% per year, but by 40% every 15 years, to simulate the rapid increase in density because of seedling recruitment a er wild res ( Figure 5 ) (Le Maitre et al., 1996; Richardson and Brown 1986 ). e rate of densi cation in the De Hoop Dam catchment has been modelled to increase by 1% per year in both the upland and riparian calculations.
Modelling the impacts of IAPs on water provision
e impact of IAPs on MAR is based on estimates of IAP water usage by Le . e estimates are based on the speci c water impacting IAP species found in the catchments, for example, Pinus species in the Berg River Dam catchment. Although the impact on MAR by the IAPs a ects just the section with natural/semi-natural land cover, we have expressed it at the level of the whole catchment because the impacts change the runo of the whole catchment at the discharge or measurement point, in this case the dam.
e assumption that no control measures will be taken to limit invasions is based on the fact that the clearing of IAPs is currently being done through the Working for Water Programme (WfW), by land-owners, and, very recently, through the application of the Alien and Invasive Species Regulations (DEA, 2014a). ese actions provide no guarantee that a speci c catchment will be cleared. e policy of WfW is that the budgets necessary to clear IAPs in such catchments, including water weeds, ultimately should come from proceeds generated from the sale of water. ese proceeds are currently used to maintain infrastructure such as dams and should also be used to maintain the catchments in a cleared state. However, the present funding from this source is almost exclusively for water weeds (Marais, 2015) , and there is no guarantee that it will be increased to cover other species.
As the Berg River Dam catchment was invaded primarily by Pinus species in the upland zone (Kotzé et al., 2010) , splitting the calculation for invasion into riparian and upland zones is unnecessary. For the Berg River Dam catchment, pine trees with a mean age of 20 years are estimated to use 5 706 m 3 /ha per year (Table 1) , while pine trees with a mean age of 10 years are estimated to use 3 103 m 3 /ha per year (Table 2) Scott and Smith, 1997) . is estimate takes into account the suboptimal growing conditions on the shallow sandstone soils in most of the invadable area ). e reduction is high because of the exceptionally high rainfall that is experienced on the upper slopes and crests of the mountains of this catchment where the pine invasions are located -more than 2 500 mm per year (Schulze et al., 2008) 
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-resulting in a mean MAR for the invadable area of 1 001 mm/ yr based on the runo surface generated by Nel et al. (2017) . e MAR reduction was multiplied by the projected condensed invaded area to give the projected reduction for each of the projected spread rates and tree mean ages.
For the De Hoop Dam catchment, the calculations were split into riparian and upland zones, before being combined for catchment totals. is split was necessary because the reduction in MAR caused by IAPs in summer rainfall areas doubles for riparian zones compared to upland zones Dzikiti, 2013; Scott et al., 1998) . To calculate the impact of IAPs on MAR, the De Hoop Dam catchment was split between the riparian and upland zones using a general principle from Scott et al. (1998) which states that the riparian zone covers about 10% of a catchment on average, while the upland zone covers the remaining 90%. For the riparian zone an estimated optimal reduction of MAR by Eucalyptus of 84 mm/yr (844 m 3 / ha per year) was used and for the upland zone area an estimated optimal reduction of MAR by pine species of 41 mm/yr (408 m 3 /ha per year) was used. e ow reductions expressed as a volume per condensed invaded hectare were calculated for the projected riparian and upland invasions for each spread rate.
e calculations for the riparian and upland zones were then combined for the catchment totals.
e impact of IAPs on the MAR over 45 years, if the clearing work was not continued, is given as both volumes and as percentage reductions of the MAR. e future level of impact is based on estimates of the current reductions for each of the quaternary catchments, as calculated by the authors, and based on data from Le .
Modelling the cost of clearing IAPs
Water resource planners need to understand the dynamics of IAP invasions. Clearing IAPs is not a once-o cost and may require repeated follow-ups to deal with the regeneration of the IAPs. e seed banks of many invasive species are stored in the soil and are long-lasting (Van Wilgen, 2009 ), but in the case of pines and hakea species, seeds are stored in the canopy and do not persist once released (Lamont et al., 1991) . A follow-up re within 2 years of the initial clearing can kill all the seedlings and minimise the need for further, expensive treatments. Furthermore, prevention is better than cure. It can be between 3 and 20 times less expensive to clear a light invasion than a heavy invasion (Marais and Wannenburgh, 2008) . It has been shown that, as plants continue to invade watersheds, the costs to clear them increase disproportionately (Cullis et al., 2007; Larsen et al., 2001) .
In this paper clearing cost estimates are calculated using condensed hectares and are based on the total cost (initial clearing cost plus the sum of follow-up clearing costs) for 75-100% density (R/ha) given in Table 2 of Marais and Wannenburgh (2008) . ese costs were chosen because they reported actual (historic) clearing cost and not estimated or modelled costs. e costs given in Marais and Wannenburgh (2008) were in 2008 Rand values and subsequently adjusted to 2017 Rand values using the headline consumer price index (CPI) (Statistics South Africa, 2018) . Next we adjusted the costs to re ect the real increase, i.e., the increase in cost above the in ation rate, pertaining to the cost of labour.
e average cost per person-day (an ideal day's clearing work, done by 1 person) was estimated in Marais and Wannenburgh (2008) to be R108.76 and was estimated by WfW to be R350 (in 2013 Rand values) (Wannenburgh, 2014) . erea er we added an additional 20% to the costs as a density contingency (R/ha).
e nal clearing costs were calculated as R20 019 per condensed hectare of Eucalyptus species IAPs and R 9 325 per condensed hectare of Pinus species IAPs. ese costs were calculated for Eucalyptus and Pinus species because, as discussed above, those are the dominant IAPs at the two study sites. For the Berg River Dam catchment, the Pinus species cost was used to calculate the estimated clearing costs, while in the De Hoop Dam catchment the Pinus species cost was used to calculate the estimated clearing costs in the upland parts of the catchment and Eucalyptus species cost was used to calculate the estimated clearing costs in the riparian parts of the catchment. e upland and riparian costs were then combined to provide an estimated cost to clear the whole catchment.
RESULTS
e results show that if clearing is not continued in the Berg River Dam catchment (Table 1) , a er 45 years, at a 1% densi cation rate and using the three annual rates of spread (5%, 10% and 15%) and a mean tree age of 20 years, the invasion would increase from 3% to between 49% and 99% of the invadable area of the catchment; ow would be reduced by between 25% and 51%; and the cost to clear the invasion would increase by between 1 647% and 3 318%. Using a mean tree age of 10 years (Table 2) , the ow would be reduced by between 13% and 28%. In the De Hoop Dam catchment (Table 3) , also using a 1% densi cation rate and the three annual rates of spread (5%, 10% and 15%), the invasion would increase from 7% to between 53% and 55% of the invadable area of the catchment; ow would be reduced by between 42% and 44%; and the cost to clear the invasion would increase by between 718% and 743%.
e reason for the large di erence between the two cases is that at the base year (2008) levels, a substantially greater proportion of the invadable area was already invaded in the De Hoop Dam catchments (173 638 or 74% of the total 233 875 invadable ha) compared to the Berg River Dam catchment (1 175 or 9% of the total 13 570 invadable ha). is can be attributed to the extensive clearing that has taken place in the Berg River Dam catchment. Furthermore, in the Berg River Dam results, the large di erences can be attributed to higher rates of spread. e 5%, 10% and 15% rates of spread used in this paper imply doubling times of approximately 14 years, 7 years and 4.67 years, respectively.
DISCUSSION
While a rigorous analysis of the relationship between the spread and density of IAPs would be instructive, the actual values used in this modelling (Table 1, Table 2 and Table 3 ) are intended to be conservative and illustrative, rather than precise.
e purpose is to demonstrate the inevitable outcome of the rapid spread and densi cation of invasions in areas of natural/ semi-natural land cover if ine ective or no management is applied. Whether this happens in 45 years or in shorter or longer periods, ought to be less important to a decision-maker than the fact that it will inevitably occur (without aggressive interventions), and the long-term impacts would nullify any action to augment water supplies with dams.
e results of this paper show the estimated e ects of the uncontrolled growth of IAPs on river ows into the dam rather than on yield, which is the potential out ow from the dam. Dams are built to supply water at a 98% level of assurance (i.e. dams are designed to 'fail' or run out of water in 2 out of every 100 years (DWAF, 2004; King et al., 2011) of IAPs is not done, the estimated impact of IAPs will be a major water security problem over time, as it will decrease yield for a given level of assurance of supply so that these dams will more o en 'fail' to deliver the planned yield.
e relationship between yield and MAR is complicated, being directly a ected by the volume of the dam relative to the annual in ows, the variability of those in ows and the volumes removed to meet demand (McMahon et al., 2007) . However, a reduction in in ows will still have a knock-on e ect on yield (Le Maitre and Görgens 2003; Cullis et al., 2007) , especially during prolonged droughts when in ows are minimal even though the yield may not be reduced to zero. e potential negative e ects of not timeously clearing IAPs, as shown in the results, or of ine ective clearing (Fill et al., 2017; Kraaij et al., 2017) , demonstrate that the authorities cannot a ord to allow IAPs to spread, densify and grow as we have projected. ey also have to make provision for su cient funding for the clearing to be properly completed, with invasion densities reduced to less than 5%, or the areas they cannot treat will continue being invaded, as appears be the case with CapeNature and its reserves (Van Wilgen et al. 2016 ). e water losses are not a ordable, and the increases in the cost of clearing are prohibitive. A threshold can be reached whereby the building of a dam without a plan to clear its catchments of IAPs and maintain them in that state, is tantamount to fruitless expenditure. It patently makes sense to have a strategy for clearing IAPs and maintaining the catchment in a cleared state, at the time of commissioning the dam. Not to do so makes as little sense as not budgeting for operational and maintenance costs for the dam itself.
It can also be argued that, without a dam to catch the enhanced MAR from clearing the IAPs, the bene ts of clearing would be diluted further. Additionally, the decisions should be made in the context of other costs and bene ts, seeking to optimise the outcomes and their impacts. In this regard, the implications of employment opportunities, in particular (given the prioritisation of unemployment, inequity and poverty in the National Development Plan (National Planning Commission, 2012)), but also aspects such as loss of ecosystem services and biodiversity, oods, wetland bene ts, intensity of wild res, erosion, and siltation, should have been put into the decision-making equation.
is analysis points to the importance of evidence brought to bear, and advice o ered to Ministers by senior o cials. In these cases, a comprehensive strategy for long-term water security in the area could have been developed, rather than only considering a dam. A comparison of the management of IAPs in both cases would have enabled a more fully informed decision to be made.
From a decision-making perspective, information about the immediate and long-term clearing costs and water bene ts will best inform what combination of water-mix options to use.
is is especially so when longer-term considerations may be factored into the decision-making and both dam construction and IAP clearing are given the go-ahead. In the Berg River Project (when the Berg River Dam was built), clearing of IAPs around the dam was required. To a lesser extent, in Phase 2A of the Olifants River Catchment Resources Development Plan (when the De Hoop Dam was built), partial IAP clearing was required (DWAF, 2005) .
While the results of this study show that clearing IAPs in the dam catchments does not result in as much water being made available as does a dam, not or only partially clearing the IAPs would have a severely negative long-term e ect on water security (Van Wilgen, 2009) . is is especially pertinent since any delays in clearing IAPs in the mountainous areas potentially result in exponential increases in the long-term costs, given the di culties of clearing in rugged, montane areas. Decision-makers should also consider that it is possible that a threshold will be reached where it is no longer feasible or a ordable, through conventional management practices, to clear catchments (especially mountainous areas) of IAPs (Richardson and Van Wilgen, 2004) . If this threshold was reached, biological control (the use of the natural, speciesspeci c enemies of the invasive plants, such as fungi or weevils, introduced into the country with the express purpose of attacking the invasive plants) would remain an opportunity, and would have to be considered along with possible consequences for the plantation industry for certain species (Van Wilgen and De Lange, 2011; De Lange and Van Wilgen, 2010) . It would be an ironic reminder of the consequences of not dealing with invasions early were the forestry industry to be at risk for failing to take responsibility for invasions from their plantations.
Finally, the riparian impacts are another important consideration. When water is stored in dams, it is for the use of downstream or water-transfer bene ciaries. Although the bulk of the water from the Berg River Dam is for the City of Cape Town (which has a higher assurance of supply than for agricultural use), part of the storage is for the water-users situated down-river. e dam also releases water to meet the needs of the Ecological Reserve, as well as for towns, farmers and others utilising run-of-river abstraction downstream. With all these competing demands for water, the supply will not continue to exceed demand for long if IAPs are le unmanaged.
What becomes increasingly obvious is that the potential of using catchment management options to improve water resource management has not been e ectively realised within the decision-making mechanisms regarding water demand and supply in South Africa. Nor is there any comprehensive retrospective analysis that has been done in South Africa on the e cacy of the management of catchments for water security or, in particular, the full bene ts of controlling invading plants despite a large body of evidence on their e ects (for example, Le Blignaut et al., 2007; Görgens and Van Wilgen, 2004; Marais et al., 2004; Le Maitre and Görgens, 2003; Le Maitre et al., 2000; Van Wilgen et al., 1997) .
It would seem that for decision-makers to fully assess the value of, and bene t from, large infrastructure development, additional catchment-based information in essential. Such information would include the bene ts of clearing IAPs and the risks associated with failing to clear. Fully informed decisions will be essential for long-term optimal water security in South Africa.
CONCLUSIONS
Water resource planning should not just be about meeting immediate needs or demands; indeed the focus should be on long-term, sustainable supply. Clearing of the 2008 levels of invasive alien plants on their own, i.e., not in combination with other catchment management interventions and demand-side management, could not compensate for the potential water provision and security achieved through building both of the dams in the selected catchments.
However, if the clearing of IAPs is not continued and IAPs are allowed to spread, they will have a substantial impact on MAR in the long term. Given more time, the invasions would continue to increase in size and density. A er 45 years of no IAP control and a conservative densi cation rate of 1%, the MAR is estimated to decrease by between 13% and 28% (for IAPs with a mean age of 10 years), to 25% and 51% (for a mean age of 20 years) in the Berg River Dam catchment, and by between 42% and 44% in the De Hoop Dam catchment. ese long-term reductions have major water security implications for their users both locally and downstream. What is more, the impact of climate change, while di cult to quantify, is likely to exacerbate the situation (DEA, 2014b) .
It makes no sense to be concerned about long-term water security in the form of building a dam, and yet have no immediate strategy to deal with the risks of being unable to ll that dam and to meet all requirements of the Reserve and dependent human populations (RSA, 1998) . It is also clear that delaying the control of IAPs results in greater costs than immediate control, in real terms, so that it makes no sense to defer control.
Balancing water demand and supply in South Africa involves high levels of uncertainty because of inherently variable rainfall with long periods of below-average rainfall. We recommend that the South African Department of Water and Sanitation incorporates multiple alternative options into an overarching solution that embraces catchment management, rather than putting all its e orts to improve water security into the building of dams and inter-basin transfer schemes.
